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It is usually assumed that performance on non-verbal intelligence tests reflects visual 
cognitive processing and that aspects of working memory (WM) will be involved. 
However, the unique contribution of memory to non-verbal scores is not clear, nor is the 
unique contribution of vocabulary. Thus, we aimed to investigate these contributions. 
Non-verbal test scores for 17 individuals with intellectual disability (ID) and 39 children 
with typical development (TD) of similar mental age were compared to determine the 
unique contribution of visual and verbal short-term memory (STM) and WM and the 
additional variance contributed by vocabulary scores. No significant group differences 
were found in the non-verbal test scores or receptive vocabulary scores, but there was 
a significant difference in expressive vocabulary. Regression analyses indicate that for 
the TD group STM and WM (both visual and verbal) contributed similar variance to the 
non-verbal scores. For the ID group, visual STM and verbal WM contributed most of the 
variance to the non-verbal test scores. The addition of vocabulary scores to the model 
contributed greater variance for both groups. More unique variance was contributed by 
vocabulary than memory for the TD group, whereas for the ID group memory contrib-
uted more than vocabulary. Visual and auditory memory and vocabulary contributed 
significantly to solving visual non-verbal problems for both the TD group and the ID 
group. However, for each group, there were different weightings of these variables. Our 
findings indicate that for individuals with TD, vocabulary is the major factor in solving 
non-verbal problems, not memory, whereas for adolescents with ID, visual STM, and 
verbal WM are more influential than vocabulary, suggesting different pathways to achieve 
solutions to non-verbal problems.
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inTrODUcTiOn
Cognitive ability in children is most often assessed with the Wechsler Intelligence Scale for Children 
(WISC) (1). However, there are many situations where the language-based WISC could be argued 
to be less appropriate, e.g., when testing hearing and language impaired individuals and those with 
neurodevelopmental disorders, including intellectual disability (ID) (2) and/or autism spectrum 
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disorder (ASD) (3), attention deficit/hyperactive disorder (4), 
or specific learning disorder (5). This has led to suggestions 
that non-verbal intelligence tests such as the Raven’s colored 
progressive matrices (RCPM) (6), the test of Non-verbal 
Intelligence-Fourth Edition (TONI-4) (7), the Comprehensive 
Test of Non-verbal Intelligence-Second Edition (8), the Leiter 
International Performance Scale-Revised (Leiter-R) (9), and the 
Wechsler Non-verbal Scale of Ability (WNV) (10) may be more 
appropriate. However, to date, there has been little research inves-
tigating the role verbal ability plays in visual problem solving tasks 
included in these tests or whether these tests adequately assess the 
cognitive abilities of individuals with ID, whose language is often 
impaired.
Intellectual disability is associated with delayed early devel-
opment and severe problems with adaptive functioning (11), 
typically associated with limited cognitive abilities (12–15). 
Currently, the most common diagnostic criterion for ID is an 
estimated intelligence Quotient (IQ) below 70 on the Wechsler 
Intelligence Scale for Children-Fourth Edition (WISC-IV) 
(11, 16, 17). Interestingly, despite the fact that the performance 
subtests from the WISC assume a degree of language for the 
child to understand and remember what the task requires and to 
respond appropriately (1, 18, 19), there has been comparatively 
little research investigating the impact of language and vocabu-
lary on scores from IQ measures.
Wechsler reportedly viewed verbal and performance tests as 
equally valid measures of intelligence despite the fact that the Full 
Scale IQ score for the WISC is a combination of expressive vocabu-
lary tasks and non-verbal problem solving (20). Non-verbal tests, 
used as alternative assessment tools of IQ, are assumed not to 
measure verbal skills, although the content and administration 
method of the non-verbal intelligence tests varies considerably 
(21–25), and verbal instructions are often used. Some researchers 
have found that language influences the scores of non-verbal IQ 
tests (15, 26) and a significant association between performance 
on the Wisconsin Card Sorting Test and language measures 
(comprehension and naming) have been reported (27). In other 
research (28), both correct performance and error types on the 
RCPM were associated with receptive vocabulary scores from the 
Peabody Picture Vocabulary Test (PPVT).
While there has been previous research with children with 
ID that has included receptive and expressive language measures 
[e.g., Ref. (15, 29, 30)], relatively little attention has been paid to 
directly exploring the unique contribution of vocabulary scores 
(expressive and receptive) to the non-verbal ability of individuals 
with ID.
Vocabulary development has been shown to be associated 
with verbal (phonological) short-term memory (STM) (31–33) 
and, as argued by Gathercole and Alloway (34) verbal STM is 
particularly important in early vocabulary development, when 
there is little available support from existing lexical knowledge, 
which indicates the separability of vocabulary and STM (31). 
This view was supported in a study with children with down 
syndrome (35). However, while there has been research on STM 
in ID [e.g., Ref. (36, 37)], the unique variance contributed by 
expressive and receptive vocabulary to non-verbal IQ scores in 
addition to that contributed by STM (visual and spatial) and 
working memory (WM) has not been previously been examined. 
Identifying the unique contributions of memory and vocabulary 
to non-verbal assessment results will add to our understanding of 
the performance of individuals with ID on Non-verbal IQ tests. 
In previous research, IQ, STM, and WM have been shown to be 
associated (34, 38–41), but they contribute differentially to cogni-
tive abilities (41–44), as illustrated by the reported correlation 
coefficients between WM and performance on tests of overall 
cognitive ability; they range from approximately 0.60 to 0.90.
There has been discussion in the literature of the phonological 
and visuospatial memory problems that individuals with ID seem 
to have with WM tasks (45), and deficits in both visual and verbal 
WM have been shown to increase with the severity of ID (46). Of 
interest is that visual facilitators (pictures and visual schematics) 
have been found to usefully assist development of more efficient 
memory protocols for individuals with ASD and ID (34), sug-
gesting that visual processing ability compensates for deficits in 
verbal processing.
In the current study, we tested a group of adolescents with ID 
and a group of children with typical development (TD) to inves-
tigate the extent to which expressive and receptive vocabulary 
scores add to the variance contributed by STM and WM to their 
non-verbal IQ scores. Three tests, the RCPM, the TONI-4, and 
the WNV, were chosen on the basis of the visual problem solving 
content and limited requirements for verbal expression (either in 
administration and/or responses). All three tests were designed 
to have a low degree of cultural loading and linguistic demands 
(22), and scores on these three tests have been found to provide a 
similar mental age as the WISC-IV for 5–7-year-old children with 
TD and adolescents with ID aged 11–16 years (47).
The specific aims of the study were to enhance understanding 
of the non-verbal ability of adolescents with ID. We compared a 
group of individuals with ID and a group of children with TD of 
comparable mental age in order to determine the following:
 i. The amount of variance contributed to non-verbal test scores 
by auditory and visual STM and WM.
 ii. The amount of additional variance contributed to non-verbal 
scores by expressive and receptive vocabulary scores.
MaTerials anD MeThODs
Participants
The 56 participants were 17 adolescents with ID ranging in age 
from 11 years 4 months to 16 years 7 months (5 females, 12 males, 
M = 13.57, SD = 1.28) and 39 children with TD ranging in age 
from 5 years 4 months to 7 years 11 months (16 females, 23 males, 
M = 6.35, SD = 0.76). Of the ID participants, eight had a diagnosis 
of ASD, three had attention deficit and hyperactive disorder, two 
had idiopathic ID, and one had Williams syndrome; and three 
had genetic disorder diagnoses, i.e., congenital occipital encepha-
locele, galactosemia (thalamic stroke), and fetal anticonvulsant 
syndrome. None of the children with TD had a diagnosis of any 
neurological or cognitive disorder. We compared the ID group 
with a group of school children with TD aged 5–7 years, an age 
expected to be equivalent to the mean mental age of the ID group.
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Parents/guardians provided informed consent prior to their 
child’s participation. All individuals were screened for normal 
hearing and vision. Ethics approval was obtained from the La 
Trobe University Human Ethics Committee (HEC approval num-
ber: HEC06-036 and FHEC13/R22) and the State Department 
of Education (Approval number: 2012-001425). Permission to 
conduct testing in the schools was obtained from the school 
principals. Parents/guardians provided informed consent prior 
to their child’s participation.
Materials
Non-Verbal Tests
Raven’s Colored Progressive Matrices
The RCPM is a standardized test of non-verbal intelligence. The 
RCPM measures fluid ability, that is, the ability to form compari-
sons, to reason by analogy, and to organize spatial perceptions 
into a systematically related whole. It was developed for use with 
individuals with TD aged 5  years 11  months to the elderly, as 
well as the mentally and physically impaired. Each item consists 
of an array of colored patterns with a missing portion, and the 
examinee is required to choose the missing elements from a 
group of six possible options. Split-half reliabilities range from 
0.65 to 0.94. Concurrent validity coefficients between Raven’s 
progressive matrices and other intelligence tests are in the 0.50 
to 0.80 s (6).
Test of Non-Verbal Intelligence-Fourth Edition
The TONI-4 is a standardized test of non-verbal intelligence. 
Non-verbal items of the standard figures matrices type were used 
to develop the TONI as an assessment of the cognitive ability 
of children and adults. The assessment is designed for use with 
individuals aged 6 years 0 months to 89 years 11 months. Each 
item is a black and white pattern with a missing portion. Items 
are in a multiple choice format, with either five or six response 
alternatives. Instructions are given via pantomime; individuals 
respond by pointing, nodding, or blinking. Internal consistency 
reliability ranges from 0.94 to 0.97. Correlation coefficients with 
other non-verbal intelligence tests range from 0.73 to 0.79 (48).
Wechsler Non-Verbal Scale of Ability
The WNV is a standardized test of non-verbal intelligence. It is 
designed for use with TD individuals aged 4 years 0 months to 
21 years 11 months. The WNV comprises seven subtests, the par-
ticular ones administered depending on the age of the examinee: 
4 years 0 month to 7 years 11 months or 8 years 0 months to 21 years 
11 months. The WNV subtests for the younger age group were 
used in this study, that is, Matrices, Coding A, Object Assembly, 
and Recognition. The Matrices subtest requires the examinee to 
identify how different geometric shapes are spatially or logically 
interrelated and to complete the relationship among the parts. 
The test items are varied (e.g., geometric pattern, reasoning by 
analogy, and spatial visualization). The displays use basic geomet-
ric figures, such as squares, circles, and triangles, and use some 
combination of colors: black, white, yellow, blue, and green. The 
Coding subtest requires the examinee to co-operate with verbal 
instructions to copy symbols (e.g., dash, two vertical lines, and an 
open parenthesis) that are paired with simple geometric shapes 
according to a key provided at the top of the page. The Object 
assembly subtest consists of items that require the examinee to 
complete pieces of a puzzle to form a recognizable object such as 
a ball or a car. The Recognition subtest requires the examinee to 
examine a stimulus (e.g., a square with a small circle in the center) 
for 3 s and then choose which of four or five options is identical 
to the stimulus that was just seen. Average internal consistency 
reliability for the Full Scale IQ on four subtests versions are 0.91. 
Correlations between the four-subtest version Full Scale IQ and 
other test of intelligence range between 0.71 and 0.82 (10).
Vocabulary Tests
Peabody Picture Vocabulary Test-Fourth Edition (PPVT-4)
We used the PPVT-4 to measure receptive vocabulary. It is 
used for individuals aged 2 years 6 months to 90+ years. The 
examinee is required to choose from a set of four pictures, the 
one that best relates to the word said aloud by the examiner. 
Correlation coefficients with the Expressive Vocabulary Test-
Second Edition (EVT-2) average 0.82 and with other tests range 
from 0.41 to 0.79 (49).
Expressive Vocabulary Test-Second Edition
The EVT-2 was used as the assessment of expressive vocabulary. 
It is designed for individuals aged 2 years 6 months to 90+ years 
old. The examinee labels the pictures aloud, e.g., when shown 
a picture of a ball, the expected answer is “ball.” Correlation 
coefficients with the PPVT-4 scale average 0.82 and with other 
tests range from 0.50 to 0.81 (50). The PPVT and EVT-2 are co-
normed, allowing direct comparisons between their respective 
standard scores.
Memory Tasks
Digit Span Visual and Verbal Tasks
Our measure of STM was forward digit span. Backward digit 
span, which requires manipulation of the information presented, 
was the measure of WM. In order to establish consistent pres-
entation of the stimuli, a VPixx computer program (51) was 
developed to present the Digit Span tasks—with both visual and 
verbal presentations of numbers. Participants were required to 
complete both visual and verbal version of the tasks. The order in 
which the tasks were given was counterbalanced. For the verbal 
tasks, participants listened to the numbers presented through the 
computer sound system at a rate of 1/s. Two trials per span length 
(i.e., the number of digits in the given sequence) were provided; 
when two trials of the same span length were answered incor-
rectly testing was discontinued. For the visual task, a list of digits 
(1–9) was presented on a computer screen at a rate of 1/s.
Procedure
The participants were tested individually at school. All tests were 
conducts using standardized instructions, scoring, and interpre-
tation. The results for each participant were considered a valid 
assessment, not impeded by behavioral or emotional factors. 
Test sessions lasted 15–45 min, depending on each participant’s 
concentration span.
Table 1 | Descriptive statistics and raw scores for the TD and iD groups.
TD (n = 39) iD (n = 17)
Mean (range) sD Mean (range) sD
Non-verbal tests RCPM 24.49 (11–35) 5.46 25.71 (13–32) 6.94
TONI-4 24.08 (14–36) 5.46 22.00 (9–34) 6.25
WNV 99.53 (67.5–146.5) 19.22 98.26 (36.5–144.0) 36.70
Vocabulary tests EVT-2 101.03 (72–123) 11.14 88.47 (58–119) 15.92
PPVT-IV 127.15 (95–153) 16.08 123.29 (79–175) 26.56
Digit span forward (STM tasks) Visual 3.97 (2–6) 0.96 3.65 (0–5) 1.37
Verbal 4.28 (3–6) 0.76 4.18 (2–6) 1.18
Digit span backward (WM tasks) Visual 3.18 (1–5) 0.85 2.65 (0–4) 0.93
Verbal 3.21 (2–5) 0.86 2.76 (0–5) 1.35
RCPM, Raven’s colored progressive matrices; TONI-4, Test of Non-Verbal Intelligence-Fourth Edition; WNV, Wechsler Non-Verbal Scale of Ability; EVT-2, Expressive Vocabulary Test-
Second Edition; PPVT-IV, Peabody Vocabulary Test-Fourth Edition; STM, short-term memory; WM, working memory; TD, typically developing group; ID, intellectual disability group.
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analysis
To compare groups on their scores for each of the non-verbal 
assessments, the two vocabulary and four memory measures, 
one-way ANOVAs between groups were used. A regression 
analysis for each non-verbal test identified the amount of vari-
ance contributed by each of the memory measures. In a second 
series of regression analyses, the vocabulary scores were added 
(together with the memory scores) to identify the additional vari-
ance contributed by expressive and receptive vocabulary to each 
of the three non-verbal IQ test scores.
resUlTs
Scores from each non-verbal test and the PPVT and EVT were 
first checked by group for normality; the results met all expected 
criteria. Descriptive statistics (the mean and SD of the raw scores 
for each test) for the three non-verbal tests for each group are 
reported in Table 1.
One-way ANOVAs between groups were conducted on scores 
from each of the three non-verbal tests. There were no significant 
group differences on scores for the RCPM, F (1, 54) =  0.498, 
p = 0.483, Cohen’s d = 0.19, nor for the TONI-4, F (1, 54) = 1.564, 
p = 0.216, Cohen’s d = 0.35, nor for the WNV, F (1, 54) = 0.029, 
p = 0.866, Cohen’s d = 0.04. The ID and TD groups performed 
similarly on each of the three tests, indicating that the non-verbal 
mental age of each group was similar, as expected. However, there 
was a large effect size for the TONI-4.
One-way ANOVAs were also conducted on the expressive and 
receptive vocabulary test scores to compare performance of the 
ID and TD groups. Although there were no significant group dif-
ferences on the PPVT-IV raw scores, F (1, 54) = 0.451, p = 0.505, 
Cohen’s d = 0.17, there was a significant group difference on the 
EVT-2 raw scores, F (1, 54) = 11.48, p = 0.001, Cohen’s d = 0.91. 
The EVT-2 scores were lower for the ID group than the TD group.
For the visual and verbal digit span forward and backward 
tasks, the TD group mean scores were higher than for the ID 
group. One-way ANOVAs between groups were conducted 
on each task. There was a significant group difference on the 
digit span backward visual task, F (1, 54) =  4.354, p =  0.042, 
Cohen’s d =  0.59, with a large effect size. However, there were 
no significant group differences for digit span forward visual, 
F (1, 54) = 1.056, p = 0.309, Cohen’s d = 0.27, digit span forward 
verbal, F (1, 54) = 0.161, p = 0.690, Cohen’s d = 0.10, digit span 
backward verbal, F (1, 54) = 2.160, p = 0.147, Cohen’s d = 0.40, 
although the effect size for the latter was large.
Regression analyses on the scores from the three non-verbal 
tests were first conducted with the two STM scores as predic-
tor variables, that is, visual STM and verbal STM. In a second 
regression analysis, the two WM tasks were included as predictor 
variables. Table 2 shows the results. For the TD group, visual and 
verbal STM did not contribute significant variance to any of the 
three non-verbal test scores. Visual STM contributed only ~7% 
to the RCPM and the WNV and ~3% to the TONI-4; verbal STM 
contributed ~3% to the RCPM, ~7% to the TONI-4, and ~9% to 
the WNV. In contrast, visual WM contributed significant vari-
ance to two of the non-verbal tests: 10.5 and 12.5%, respectively, 
to the TONI-4 and the WNV, but no significant variance to the 
RCPM (~5%). By comparison, verbal WM contributed signifi-
cant variance to the RCPM (10.5%), but not to the TONI-4 (~3%) 
and WNV (~7%).
For the ID group, visual STM contributed significant variance 
to all three non-verbal test scores: 46.2% to the RCPM, 29.3% to 
the TONI-4, and 32.6% to the WNV, but as for the TD group, 
verbal STM did not contribute significant variance to any of the 
non-verbal test scores. In contrast to the TD results, visual WM 
contributed significant variance (23.6%) to the RCPM, but not 
to the TONI-4 (21.3%) or the WNV (21.7%). In addition, verbal 
WM contributed significant variance to all three non-verbal test 
scores: 34.4% to the RCPM, 26.9% to the TONI-4, and 25% to 
the WNV.
In order to determine the amount of variance contributed 
by Vocabulary over and above that contributed by Memory, the 
Vocabulary scores were added as predictor variables in a second 
set of regression analyses. As shown in Table 3, for the TD group 
with EVT-2 scores added, for all four memory measures there was 
a significant increase in the variance. Approximately two to three 
times more variance was found than previously to the RCPM and 
the TONI-4, and even more to the WNV. The unique variance 
for expressive vocabulary was greater than for memory for all 
three non-verbal tests. By comparison, for the ID group while 
the EVT-2 scores increased the variance for all three non-verbal 
test scores, with visual STM, vocabulary contributed significant 
Table 3 | Variance contributed to non-verbal test scores with vocabulary in addition to memory scores.
TD (n = 39) iD (n = 17)
Vocab. Memory rcPM TOni-4 WnV rcPM TOni-4 WnV
R2 change Partial2 R2 change Partial2 R2 change Partial R2 change Partial2 R2 change Partial2 R2 change Partial2
EVT-2 STM Visual 21.3* 0.395a 20.3* 0.192a 36.4** 0.327a 57.9** 0.826a 29.4 0.728a 40.0* 0.743a
0.619b 0.648b 0.746b 0.683b 0.217b 0.576b
Verbal 19.5* 0.210a 21.7* 0.366a 36.9** 0.377a 31.7 0.606a 10.7 0.548a 15.0 0.332a
0.637b 0.629b 0.741b 0.671b 0.322b 0.596b
WM Visual 19.9* 0.286a 23.2** 0.438a 37.8** 0.425a 38.1* 0.681a 21.6 0.670a 30.5 0.663a
0.627b 0.614b 0.733b 0.660b 0.255b 0.578b
Verbal 26.7** 0.549a 21.8* 0.374a 39.5** 0.493a 42.2* 0.719a 27.1 0.712a 29.7 0.656a
0.652b 0.662b 0.768b 0.587b -0.217b 0.500b
PPVT-IV STM Visual 14.8 0.425a 19.0* 0.192a 39.8** 0.295a 62.9** 0.840a 39.9* 0.727a 44.1* 0.752a
0.524b 0.635b 0.767b 0.747b 0.614b 0.643b
Verbal 12.5 0.288a 20.6* 0.379a 40.6** 0.375a 37.2** 0.624a 25.3 0.550a 19.3 0.360a
0.551b 0.617b 0.764b 0.718b 0.624b 0.645b
WM Visual 13.6 0.375a 23.0** 0.475a 42.4** 0.473a 30.8 0.507a 23.4 0.549a 24.8 0.538a
0.545b 0.612b 0.765b 0.555b 0.406b 0.446b
Verbal 19.1* 0.535a 20.0* 0.345a 42.0** 0.457a 43.3* 0.696a 31.1 0.653a 30.9 0.631a
0.557b 0.646b 0.783b 0.607b 0.489b 0.528b
RCPM, Raven’s colored progressive matrices; TONI-4, Test of Non-Verbal Intelligence-Fourth Edition; WNV, Wechsler Non-Verbal Scale of Ability; EVT-2, Expressive Vocabulary Test-
Second Edition; PPVT-IV, Peabody Vocabulary Test-Fourth Edition; STM, short-term memory; WM, working memory; TD, typically developing group; ID, intellectual disability group.
aPartial2 for Memory scores.
bPartial2 for Vocabulary scores.
*p < 0.01.
**p < 0.001.
Table 2 | results from the multiple regression analysis using memory scores for TD group and iD group.
TD (n = 39) iD (n = 17)
rcPM TOni-4 WnV rcPM TOni-4 WnV
R2 change Partial2 R2 change Partial2 R2 change Partial2 R2 change Partial2 R2 change Partial2 R2 change Partial2
STM Visual 7.8 0.528 3.3 0.425 7.8 0.529 46.2** 0.825 29.3* 0.735 32.6* 0.755
Verbal 3.5 0.433 7.1 0.517 9.8 0.558 14.4 0.616 9.7 0.558 2.4 0.392
WM Visual 5.2 0.478 10.5* 0.569 12.5* 0.594 23.6* 0.696 21.3 0.679 21.7 0.683
Verbal 10.5* 0.569 3.3 0.424 7.2 0.518 34.4* 0.760 26.9* 0.720 25.0* 0.707
RCPM, Raven’s colored progressive matrices; TONI-4, Test of Non-verbal Intelligence-Fourth Edition; WNV, Wechsler Non-verbal Scale of Ability; STM, short-term memory; WM, 
working memory; TD, typically developing group; ID, intellectual disability group.
*p < 0.01.
**p < 0.001.
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unique variance for the RCPM and WN. In contrast to the TD 
group, when EVT-2 scores were included with verbal STM, no 
significant unique variance was contributed by vocabulary. With 
visual WM and EVT-2 scores, expressive vocabulary contributed 
significant unique variance only to the RCPM; a similar result was 
found when EVT-2 scores and verbal WM were included in the 
regression. The unique variance for memory for the ID group was 
larger than for vocabulary in all four analyses.
The addition of PPVT scores rather than EVT-2 scores for 
the TD group showed a similar pattern overall as for the EVT-2. 
The unique variance contributed by the PPVT was greater than 
for Memory. With visual STM significant unique variance from 
receptive vocabulary was found for the Toni and WVN but 
not for the RCPM. With verbal STM and also with visual WM, 
similar results were found. However, for verbal WM, receptive 
vocabulary contributed significant unique variance to all three 
non-verbal scores. For the ID group, with visual STM, significant 
unique variance was contributed by receptive vocabulary to all 
three non-verbal tests but more unique variance was contributed 
by Memory than Vocabulary. With verbal STM, a significant 
contribution from receptive vocabulary was found only for the 
RCPM. With visual WM, no significant contribution from recep-
tive vocabulary was found for any of the three non-verbal tests, 
but with verbal WM there was a significant contribution from 
receptive vocabulary for the RCPM. That is, vocabulary scores 
added to the variance when they were included with the memory 
scores, but the variance contributed differed for each of the three 
non-verbal tests.
DiscUssiOn
The results overall provide evidence that memory (both STM and 
WM) and vocabulary (both expressive and receptive vocabulary) 
are associated with performance on non-verbal tests of IQ, both 
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for children with TD and adolescents with ID of the same non-
verbal mental age.
As expected there were no significant group differences on the 
three non-verbal test scores, although the mean scores of the ID 
group were slightly higher, and there was greater variability on all 
three non-verbal tests for the ID group than for the TD group and 
with a large effect size on the TONI. Nor was there a significant 
group difference for receptive vocabulary, but the expressive 
vocabulary scores differed with the younger, TD group achieving 
significantly higher scores than the adolescent ID group. For the 
memory tasks, there was a group difference on the visual WM 
task; given the large effect sizes on both WM tasks it is likely that 
with a larger sample of individuals with ID, significant group 
differences would have been found for both the verbal and visual 
WM tasks.
No evidence for a significant relationship between STM and 
non-verbal problem solving was found for the TD group, whereas 
visual STM contributed significantly to all three non-verbal test 
scores for the ID group. This indicates that the participants with 
ID were more likely to be successful in problem solving on the 
non-verbal tasks if they had higher visual STM scores and that 
visual STM played a major role in their problem solving strategy.
In contrast, both visual WM and verbal WM contributed vari-
ance to the three non-verbal tests for the TD group but differently 
depending on the test involved. For solving the RCPM tasks, 
verbal WM was important. This indicates that the young children 
were rehearsing as they identified features of the patterns they 
needed to complete and held these in memory as they compared 
the alternatives in order to reach a decision on how best to com-
plete the matrices. For the other two non-verbal tests, visual WM 
was more important for solving the problems. However, for older 
children than in our study (i.e., over 7 years), verbal WM is likely 
to be more involved since memory develops over the primary 
school years (52, 53).
Both visual WM and verbal WM played a role in solving the 
RCPM tasks for the ID group, but for solving tasks on the other 
two non-verbal tests verbal WM but not visual WM contributed 
significantly. Based on these results, non-verbal assessments 
cannot be viewed as “language free.” Success on solving the 
problems for individuals with ID depends on using their verbal 
WM. Of interest is that for both groups receptive and expressive 
vocabulary scores added significant variance to that contributed 
by memory to the non-verbal test scores for both groups but less 
so for the ID group.
Our findings clearly show that vocabulary (expressive and 
receptive) will impact on how well a child with TD in the early 
school years performs on non-verbal ability tests. The results 
show a greater contribution from vocabulary than memory when 
they are solving non-verbal problems. The WNV, in particular, 
showed a greater influence of vocabulary for the TD group. Four 
tasks of a different nature, drawing on different cognitive skills, 
make up the assessment, and we assume this had some influence 
on the result. In contrast, the results for the ID group support the 
view that visual STM as well as visual and verbal WM play a more 
important role than vocabulary in completing non-verbal tasks 
for adolescents with ID. Visual STM had a greater influence than 
verbal STM or WM (visual or verbal) on their non-verbal scores.
The study contributes to the literature by comparing perfor-
mance on three non-verbal tests and considering the unique 
contributions of memory and vocabulary to the assessment 
results. However, the study is not without limitations. The ID 
participants were all recruited from one special school, and there 
were multiple diagnoses. The sample size was not large and could 
have been increased by extending recruitment to other schools. 
Even so, significant results were found. However, the results need 
to be replicated with larger samples from different educational 
environments. In past research testing intelligence, memory and 
language, principal components analysis identified that more 
variance loaded onto a fluid reasoning factor (i.e., higher order 
thinking skills) for younger children with TD than older children 
(31). Thus, while we were interested in comparing groups of similar 
mental age, inclusion of a TD group of comparable chronological 
age as the ID group could have provided valuable information 
about the roles of memory and vocabulary in problem solving for 
tasks included in non-verbal assessments of IQ.
cOnclUsiOn
Our study has demonstrated that both TD and ID individuals 
draw on different abilities to achieve the same result when solv-
ing non-verbal problems. The TD group drew more on their 
vocabulary knowledge, while the ID apparently relied more on 
visual memory. Even though the ID were chronologically much 
older and likely to have had greater experience of language, when 
compared with the TD group their expressive vocabulary was 
significantly lower. Thus, adolescents with ID are likely to achieve 
low scores on assessments (including non-verbal assessments) 
that may or may not use verbal instructions or require verbal 
responses. Our current findings indicate that more research on 
the interface between memory and language skills in relation to 
cognitive ability will be beneficial in helping develop appropri-
ate ways of assessing the cognitive abilities and development of 
individuals with ID. In additions, a focus on training visual STM 
for young people with ID is recommended.
aUThOr cOnTribUTiOns
CM collected the data, conducted the analyses and interpreta-
tion of the data, and prepared early drafts of the paper. SC and 
EB conceptualized and supervised development of the research, 
assisted with analysis and interpretation of the data, and contrib-
uted to writing the manuscript. NG participated in the collection 
of the data and helped manuscript preparation. CP helped in 
recruitment and provide testing facilities. All the authors read 
and approved the final manuscript.
FUnDing
The first author was supported by a Royal Thai Government 
PhD Scholarship, and additional funds were provided by the 
School of Psychology and Public Health, La Trobe University. 
ARC DP0985837 Crewther SG, Crewther DP – The advantage of 
being magnocellular: the role of the dorsal visual stream in object 
identification.
7Mungkhetklang et al. Memory and Vocabulary in ID
Frontiers in Psychiatry | www.frontiersin.org December 2016 | Volume 7 | Article 204
reFerences
1. Wechsler D. Wechsler Intelligence Scale for Children-Fourth Edition. San 
Antonio, TX: Psychological Corporation (2003).
2. Orsini A, Pezzuti L, Hulbert S. Beyond the floor effect on the Wechsler intel-
ligence scale for children – 4th Ed. (WISC-IV): calculating IQ and indexes of 
subjects presenting a floored pattern of results. J Intellect Disabil Res (2015) 
59(5):468–73. doi:10.1111/jir.12150 
3. Nader A-M, Courchesne V, Dawson M, Soulières I. Does WISC-IV under-
estimate the intelligence of autistic children? J Autism Dev Disord (2016) 
46(5):1582–9. doi:10.1007/s10803-014-2270-z 
4. Mayes SD, Calhoun SL. WISC-IV and WISC-III profiles in children with 
ADHD. J Atten Disord (2006) 9(3):486–93. doi:10.1177/1087054705283616 
5. Styck KM, Watkins MW. Structural validity of the WISC-IV for stu-
dents with learning disabilities. J Learn Disabil (2016) 49(2):216–24. 
doi:10.1177/0022219414539565 
6. Raven JC. Colored Progressive Matrices. Oxford, UK: Oxford Psychologists 
Press (1995).
7. Fopiano J. Test of nonverbal intelligence (TONI-4). In: Volkmar F, editor. 
Encyclopedia of Autism Spectrum Disorders. New York: Springer (2013). 
p. 3089–92.
8. Hammill DD, Pearson NA, Weiderholt JL. Comprehensive Test of Nonverbal 
Intelligence. 2nd ed. Austin: PRO-ED (2009).
9. Roid GH, Miller LJ. Leiter International Performance Scale-Revised. Wood 
Dale, IL: Stoelting (1997).
10. Wechsler D, Naglieri JA. Wechsler Nonverbal Scale of Ability. San Antonio: 
Harcourt Assessment (2006).
11. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders: DSM-5. 5th ed. Arlington, VA: American Psychiatric Association 
(2013).
12. Bonifacci P, Snowling MJ. Speed of processing and reading disability: a 
cross-linguistic investigation of dyslexia and borderline intellectual function-
ing. Cognition (2008) 107(3):999–1017. doi:10.1016/j.cognition.2007.12.006 
13. Carulla LS, Reed GM, Vaez-Azizi LM, Cooper S-A, Leal RM, Bertelli M, et al. 
Intellectual developmental disorders: towards a new name, definition and 
framework for “mental retardation/intellectual disability” in ICD-11. World 
Psychiatry (2011) 10(3):175–80. doi:10.1002/j.2051-5545.2011.tb00045.x 
14. Cornoldi C, Giofrè D, Orsini A, Pezzuti L. Differences in the intellectual pro-
file of children with intellectual vs. learning disability. Res Dev Disabil (2014) 
35(9):2224–30. doi:10.1016/j.ridd.2014.05.013 
15. van der Schuit M, Segers E, van Balkom H, Verhoeven L. How cognitive 
factors affect language development in children with intellectual disabilities. 
Res Dev Disabil (2011) 32(5):1884–94. doi:10.1016/j.ridd.2011.03.015 
16. American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders: DSM-IV. 4th ed. Washington, DC: American Psychiatric 
Association (1994).
17. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders: DSM-IV-TR. Washington, DC: American Psychiatric Association 
(2000).
18. Wechsler D. Wechsler Intelligence Scale for Children. New York: The 
Psychological Corporation (1949).
19. Wechsler D. Wechsler Intelligence Scale for Children-Revised. New York: 
Psychological Corporation (1974).
20. Boake C. From the Binet–Simon to the Wechsler–Bellevue: tracing the 
history of intelligence testing. J Clin Exp Neuropsychol (2002) 24(3):383–405. 
doi:10.1076/jcen.24.3.383.981 
21. DeThorne LS, Schaefer BA. A guide to child nonverbal IQ measures. Am 
J Speech Lang Pathol (2004) 13(4):275–90. doi:10.1044/1058-0360(2004/029) 
22. McCallum RS. Assessing intelligence nonverbally. In: Bracken BA, Geisinger 
KF, editors. APA Handbook of Testing and Assessment in Psychology, Vol 3: 
Testing and Assessment in School Psychology and Education. Washington, DC: 
American Psychological Association (2013). p. 71–99.
23. Naglieri JA, Otero TM. Assessing diverse populations with nonverbal mea-
sures of ability in a neuropsychological context. In: Davis A, editor. Handbook 
of Pediatric Neuropsychology. New York, NY: Springer Publishing Co (2011). 
p. 227–34.
24. Russell R, Stokes J, Jones M, Czogalik D, Rohleder L. The role of nonverbal sen-
sitivity in childhood psychopathology. J Nonverbal Behav (1993) 17(1):69–83. 
doi:10.1007/bf00987009 
25. Verhaegh J, Fontijn WFJ, Resing WCM. On the correlation between children’s 
performances on electronic board tasks and nonverbal intelligence test mea-
sures. Comput Educ (2013) 69:419–30. doi:10.1016/j.compedu.2013.07.026 
26. Christy EM, Friedman RB. Using non-verbal tests to measure cognitive ability 
in patients with aphasia: a comparison of the RCPM and the TONI. Brain Lang 
(2005) 95(1):195–6. doi:10.1016/j.bandl.2005.07.104 
27. Baldo JV, Dronkers NF, Wilkins D, Ludy C, Raskin P, Kim J. Is problem 
solving dependent on language? Brain Lang (2005) 92(3):240–50. doi:10.1016/ 
j.bandl.2004.06.103 
28. Goharpey N, Crewther DP, Crewther SG. Problem solving ability in 
children with intellectual disability as measured by the Raven’s colored 
progressive matrices. Res Dev Disabil (2013) 34(12):4366–74. doi:10.1016/ 
j.ridd.2013.09.013 
29. Cascella PW. Standardised speech-language tests and students with intel-
lectual disability: a review of normative data. J Intellect Dev Disabil (2006) 
31(2):120–4. doi:10.1080/13668250600681503 
30. Garrity LI, Donoghue JT. Preschool children’s performance on the Raven’s 
coloured progressive matrices and the Peabody Picture Vocabulary Test. Educ 
Psychol Meas (1976) 36(4):1043–7. doi:10.1177/001316447603600433 
31. Archibald LMD. The language, working memory, and other cognitive 
demands of verbal tasks. Top Lang Disord (2013) 33(3):190–207. doi:10.1097/
TLD.0b013e31829dd8af 
32. Baddeley A. Working memory and language: an overview. J Commun Disord 
(2003) 36(3):189–208. doi:10.1016/S0021-9924(03)00019-4 
33. Hick RF, Botting N, Conti-Ramsden G. Short-term memory and vocabulary 
development in children with Down syndrome and children with specific 
language impairment. Dev Med Child Neurol (2005) 47(8):532–8. doi:10.1111/ 
j.1469-8749.2005.tb01187.x 
34. Gathercole SE, Alloway TP. Practitioner review: short-term and working 
memory impairments in neurodevelopmental disorders: diagnosis 
and remedial support. J Child Psychol Psychiatry (2006) 47(1):4–15. 
doi:10.1111/j.1469-7610.2005.01446.x 
35. Brock J, Jarrold C. Language influences on verbal short-term memory perfor-
mance in down syndrome: item and order recognition. J Speech Lang Hear Res 
(2004) 47(6):1334–46. doi:10.1044/1092-4388(2004/100) 
36. Jarrold C, Baddeley AD, Hewes AK. Genetically dissociated components 
of working memory: evidence from downs and williams syndrome. 
Neuropsychologia (1999) 37(6):637–51. doi:10.1016/S0028-3932(98)00128-6 
37. Jarrold C, Baddeley AD, Hewes AK. Verbal Short-term Memory Deficits in 
Down Syndrome: A Consequence of Problems in Rehearsal? J Child Psychol 
Psychiatry (2000) 41(2):233–44. doi:10.1111/1469-7610.00604 
38. Dang C-P, Braeken J, Colom R, Ferrer E, Liu C. Why is working memory 
related to intelligence? Different contributions from storage and processing. 
Memory (2014) 22(4):426–41. doi:10.1080/09658211.2013.797471 
39. Engle RW, Tuholski SW, Laughlin JE, Conway ARA. Working memory, short-
term memory, and general fluid intelligence: a latent-variable approach. J Exp 
Psychol Gen (1999) 128(3):309–31. doi:10.1037/0096-3445.128.3.309 
40. Giofrè D, Mammarella IC. The relationship between working memory and 
intelligence in children: is the scoring procedure important? Intelligence 
(2014) 46:300–10. doi:10.1016/j.intell.2014.08.001 
41. Giofrè D, Mammarella IC, Cornoldi C. The structure of working memory and 
how it relates to intelligence in children. Intelligence (2013) 41(5):396–406. 
doi:10.1016/j.intell.2013.06.006 
42. Henry L, Winfield J. Working memory and educational achievement in chil-
dren with intellectual disabilities. J Intellectu Disabil Res (2010) 54(4):354–65. 
doi:10.1111/j.1365-2788.2010.01264.x 
43. Lervåg A, Bråten I, Hulme C. The cognitive and linguistic foundations of 
early reading development: a Norwegian latent variable longitudinal study. 
Dev Psychol (2009) 45(3):764–81. doi:10.1037/a0014132 
44. Montgomery J, Magimairaj B, O’Malley M. Role of working memory in typi-
cally developing children’s complex sentence comprehension. J Psycholinguist 
Res (2008) 37(5):331–54. doi:10.1007/s10936-008-9077-z 
45. Rosenquist C, Conners FA, Roskos-Ewoldsen B. Phonological and visuo-spatial 
working memory in individuals with intellectual disability. Am J Ment Retard 
(2003) 108(6):403–13. doi:10.1352/0895-8017(2003)108<403:PAVWMI>2. 
0.CO;2 
46. Schuchardt K, Gebhardt M, Mäehler C. Working memory functions in 
children with different degrees of intellectual disability. J Intellect Disabil Res 
(2010) 54(4):346–53. doi:10.1111/j.1365-2788.2010.01265.x 
8Mungkhetklang et al. Memory and Vocabulary in ID
Frontiers in Psychiatry | www.frontiersin.org December 2016 | Volume 7 | Article 204
47. Mungkhetklang C, Crewther SG, Bavin EL, Goharpey N, Parsons C. 
Comparison of measures of ability in adolescents with intellectual disability. 
Front Psychol (2016) 7:683. doi:10.3389/fpsyg.2016.00683 
48. Brown L, Sherbenou RJ, Johnsen SK. Test of Nonverbal Intelligence. 4th ed. 
Austin, TX: PRO-ED (2010).
49. Dunn LM, Dunn DM, American Guidance S. Peabody Picture Vocabulary 
Test-Fourth Edition (PPVT-4). Bloomington, MN: NCS: Pearson Assessments 
(2007).
50. Williams KT, Pearson Education I. Expressive Vocabulary Test-Second Edition 
(EVT-2). USA: Pearson Assessments (2007).
51. VPixx Program (Version 2.87) [Computer Program]. Saint-Bruno, QC: Vpixx 
Technologies, Inc. (2006).
52. Cowan N, Alloway TP. The development of working memory in childhood. 
In: Cowan E, editor. Development of Memory in Childhood. Hove, England: 
Psychology Press (2009). p. 303–42.
53. Hornung C, Brunner M, Reuter RAP, Martin R. Children’s working mem-
ory: its structure and relationship to fluid intelligence. Intelligence (2011) 
39(4):210–21. doi:10.1016/j.intell.2011.03.002 
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.
Copyright © 2016 Mungkhetklang, Bavin, Crewther, Goharpey and Parsons. This 
is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.
